Treatment of brain arteriovenous malformations (BAVMs) often requires a multitechnique approach. We present 2 cases of BAVM, in which initial stereotactic radiosurgery (SRS) was successful in obliterating a significant volume of the nidus. At follow-up angiography, residual fistulas were identified and selectively embolized; this procedure cured the lesions. Many series describe initial embolization to reduce the nidal volume followed by SRS to the remnant. The described cases highlight the value of primary radiosurgery followed by selective fistula embolization.
B
rain arteriovenous malformations (BAVMs) may be treated with open microsurgery, embolization, stereotactic radiosurgery (SRS), or a combination of all 3 techniques. There are several series in the literature describing initial embolization followed by focused SRS to the residual nidus. The 2 cases described highlight the value of primary radiosurgery followed by selective embolization of residual fistulas.
Case Reports
A 19-year-old man presented with focal seizures involving the right arm. Subsequent investigations revealed a large BAVM within the right superior frontal gyrus with extension into the internal capsule, basal ganglia, and precentral gyrus (Fig 1A) . Primary embolization was considered, but given the eloquence of the area and potential morbidity, SRS was considered the treatment of choice. Gamma knife SRS was performed; 20 Gy was administered to the 50% isodose. Follow-up angiography after 4 years revealed significant nidal obliteration but with 2 persistent fistulas supplied via a hypertrophied right pericallosal artery (Fig 1B) . A further session of SRS was considered, but given the usual poor response of direct fistulas to SRS, targeted embolization was performed by using Onyx 34 (ev3, Irvine, Calif). Both fistulas were obliterated without complication. Sixmonth postembolization angiography revealed that the BAVM was cured ( Fig 1C) .
A 62-year-old woman presented with focal seizures, and subsequent investigations revealed a large left frontoparietal BAVM (Fig  2A) . Embolization to reduce the nidus was considered, but the operator did not think a segmental nidal reduction could be performed. After we discussed the options with the patient, she elected primary SRS. At the treatment session, 20 Gy was administered to the 50% isodose. Follow-up angiography at 4 years revealed a significant reduction in the size of the nidus, but a residual fistula persisted, feeding from a hypertrophied pericallosal artery (Fig 2B) . Targeted embolization was performed by using 70% n-butyl 2-cyanoacrylate, resulting in closure of the fistula (Fig 2C) . Follow-up angiography confirmed persistent occlusion.
Discussion
BAVMs, which are probably genetically determined lesions, may present with a variety of symptoms-hemorrhage, seizures, or headaches. With brain imaging increasingly performed, asymptomatic BAVMs are being identified more frequently. The risk of hemorrhage from unruptured BAVMs has recently been reviewed, with Stapf et al 1 reporting an annual rupture rate of 1.3%, lower than the previously accepted figure of approximately 2%. Treatment options, therefore, have to be considered carefully. Open microsurgery, endovascular embolization, SRS, or a combination of these techniques should be discussed with the patient.
SRS is a recommended treatment for BAVMs Ͻ3 cm when microsurgery is precluded. For BAVMs Ͼ3 cm, treatment recommendations include embolization to reduce nidal volume followed by SRS to the remnant. 2 However, the potential morbidity of embolization and SRS may be significant, with several series describing complications of both techniques.
Reported complication rates of BAVM embolization range from 9.1% 3 to 22%. 4 Recent reports are now emerging, describing experience with a liquid polymer agent, Onyx. Mounayer et al 5 reported a lower complication rate of 8.5% with Onyx, with 3 procedure-related deaths.
Complication and obliteration rates after SRS have been reported in several series. Pollock et al 6 reviewed 144 patients who had undergone primary radiosurgery. Follow-up was between 5 and 14 years. The group achieved a 73% cure rate, but 14% of the group developed a major deficit post-SRS, including patients who rehemorrhaged.
In addition to the combined complications of both techniques, there are reports analyzing obliteration rates when SRS has been preceded by embolization. Pollock et al, 7 in a study of 220 patients undergoing SRS, found previous embolization a negative predictor of obliteration. Schlienger et al 8 studied 169 patients treated with linear accelerator radiosurgery, of whom 36% had undergone previous embolization. The obliteration rate was 54% in those in the previous-embolization group compared with 71% in a matched group who had been treated primarily with SRS and no embolization (P ϭ .03).
SRS is most effective in treating a BAVM nidus but is least effective in direct arteriovenous fistulas. 9 Identifying direct fistulas on conventional angiography may be difficult and, in most cases, will require a microcatheter exploration with or without embolization. The described cases illustrate the value of primary SRS obliterating the nidus to reveal residual fistulas, which may then be selectively embolized. As a technique, it is not widely reported. Luo et al 10 described residual fistula embolization by using detachable coils following partial nidal obliteration after SRS in a 37-year-old patient.
We believe the described cases offer a further option in BAVM treatment. SRS planning of the BAVM nidus is usually easier and may be more effective without pre-embolization. In both cases, the SRS obliterated the BAVM nidus, allowing the direct arteriovenous fistulas to be clearly identified. The fistulas could then be treated with superselective catheterization and targeted embolization.
